It is generally believed by the neurophysiologists that the sympathetic neurohormone is norepinephrine and not epinephrine as originally supposed. This concept of norepinephrine as the sympathetic neurohormone has evolved fronm much impressive circumistantial evidence; however, it has not been demonstrated that the biosynthesis of norepinephrine takes place in the sympathetic nerves and ganglia. This paper shows, through the use of labeled precursors, that the sympathetic nerves and ganglia synthesize norepinephrine in a systematic sequence from tyrosine and that this synthesis apparently terminates with norepinephrine rather than progressing to the formation of epinephrine.
T HE neurohormone of the sympathetic nerves is now generally accepted as being norepinephrine.' 7* Norepinephrine is also found in the adrenal medulla but in most mammals the amount of norepinephrine is considerably less than the amount of epinephrine.3' 8 The neurohormone of the parasympathetic nerves is acetyicholine;
however, it appears that many parasympathetic nerves also contain adrenergic fibers.3 9 Recent evidence indicates that the biosynlthetic pathway to epinephrine and norepinephrine formation is via dihydroxyphenylalanine and hydroxytyramine,10' 11 ( fig. 1 ).
Goodall and Kirshner1l showed that bovine adrenal slices incubated with tyrosine uniformly labeled with C14 produced in sequence: hydroxytyramine, norepinephrine, and epinephrine. Further, they showed that when C14 dihydroxyphenylalanine (dopa) was incubated with bovine adrenal homogenates, hydroxytyramine, norepinephrine, and epinephrine were synthesized in that order. Tables 1 and 2 are tabulations of the radio- activity found in the epinephrine, norepinephrine, and hydroxytyramine fractions after incubating the various nerve groups with C14-labeled dihydroxyphenylalanine (dopa). From these tables, it appears that the sympathetic nerves and ganglia synthesize hydroxytyramine and norepinephrine from dopa. However, the radioactivity in the epinephrine fraction was so low that it was not feasible to purify the material further and thereby to eliminate the possibility of contamination. The vagal nerves are also capable of synthesizing hydroxytyramine from dopa; however, the radioactivity found in the hydroxytyramine fractions is far less than that found in similar fractions obtained from the sympathetic nerves and ganglia. The vagal nerves do not appear to synthesize epinephrine or any appreciable amounts of norepinephrine.
Tyrosine 1Incubation Tables 1 and 2 are tabulations of the radioactivity found in the epinephrine, norepinephrine, and hydroxytyramine fractions after and Hydroxytyramine fromt Dopa-2-C'4 and from C'4 Figure 2 presents the results obtained from incubating bovine thoracic sympathetic chain with labeled tyrosine. Here the radioactivity and the optical density are plotted against the fraction numbers.
The radioactivity of the hydroxytyramine fraction formed by incubating dopa with sympathetic nerves and ganglia was greater than the radioactivity of the hydroxytyramine fraction formed by incubating with tyrosine. This is because the conversion from dopa to hydroxytyramine is rapid, while that from tyrosine to dopa is slow.
The vagal nerves appear incapable of synthesizing epinephrine, norepinephrine or hydroxytyramine from tyrosine. This would then lead one to believe that cholinergic nerves do not normally synthesize norepineph rine.
General Results
The results presented in tables 1 and 2 are calculated on the basis of counts per minute per 0.1 Gm. of tissue; however, from the specific activity of the tyrosine and dopa, and from the amount of radioactivity in the norepinephrine fraction, the absolute amounts of iiurepinephrine found after the incubatioiis have been calculated. With dog sympathetic nerves and ganglia, the average total amount found after a 3-hour incubation with dopa was 0.51 0.39 Vg; after a 6-hour incubation with tyrosine the average total amount found was 0.072 + 0.066 ug. With bovine sympathetic nerves the average total amount found after a 3-hour incubation with dopa was 1.08 fig, and after a 6-hour incubation with tyrosine the amount found was 0.078 0.036 pg. The amounts of norepinephrine found are the differences between the amounts synthesized and the amounts destroyed by monoamine oxidase, possibly other enzymes and by chemical oxidation. That this destruction is considerable can be seen from table 2, in which the amounts of iiorepinephrine found after a 6-hour incubation of the stellate ganglia with dopa is less than one half the amount found after a similar 3-hour incubation. Previous work on the formation of epinephrine and norepinephrine from tyrosine in the adrenal medulla 11 indicated that maximum norepinephrine formation was found after a 6-hour incubation.
Dopa and Tyrosine licubated with Marsilid
Sympathetic nerves were incubated with dopa and Marsilid. Results of these experiments showed an increase in the radioactivity of the hydroxytyramine fraction. In that Marsilid is a monoamine oxidase inhibitor,3 it inhibits oxidation of hydroxytyramine and thereby apparently permits hydroxytyramine to accumulate. This is less apparent when it is incubated with tyrosine, since the conversion from tyrosine to dopa is slow.
DIscussION
Epinephrine has long been known to be present in the adrenal gland '7 18 and for many years was thought to be the neurohormone of the sympathetic nerves. However, as early as 1910 
9.
Boughton, G. A., and Sommers, S. C.: Renal Changes in Shock Treated with Levarterenol (Levophed). Am. J. Clin. Path. 27: 29 (Jan.), 1957. The 8 patients described in this paper have 3 features in common: all of them developed shock in the terminal phases of their illnesses, all 8 were treated vigorously with levarterenol (Levophed), and diffuse damage involving the proximal tubules associated with changes in the glomeruli and blood vessels were present. These lesions in the kidney are similar to the "proximal tubular necrosis" with "focal cortical necrosis" described by Sheehan and Moore and attributed by them to vasospasm. It is therefore suggested that the postmortem findings with respect to the kidneys, in the 8 patients described in this report, are the result of severe ischemia due to spasm of the renal arterioles and the medullary veins. The cause of the spasm is believed to be shock which was intensified and prolonged by the therapy with levarterenol.
